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P. Swarajya Lakshmi* & T. Pullaiah* : Studies on the 
embryology of Anthemideae (Asteraceae) 

P.S. ? p v A 4 * • T. 77^7*: 

The tribe Anthemideae comprises 102 genera and approximately 1400 species 
(Heywood & Humphries 1978). Most embryological investigations of this tribe 
are confined only to the embryo sac development (see Pullaiah 1984). Informa¬ 
tion on anther and male gametophyte is available only in a few species, e. g. 
Cotula australis (Davis 1962), Achillea squarrosa (Pullaiah 1983) and others. 

The present investigation includes the life histories of Chrysanthemum in- 
dicum Linn, and Artemisia nitida Willd. and some aspects of anther and ovule 
in Santolina chamaecyparissus Linn. Vernin (1952) studied the embryo develop¬ 
ment in Chrysanthemum indicum while Tateishi (1929) studied the embryo sac 
development in the same species. Chiarugi (1926a, b) reported the absence of 
fertilisation in Artemisia nitida. 

Materials and methods The material of Artemisia nitida and Santolina 
chamaecyparissus was collected from Coonoor in Nilgiris in Tamilnadu and 
Chrysanthemum indicum from Anantapur town. Fixation was in formalin-acetic- 
alcohol (F. A. A). The usual methods of dehydration, infiltration, embedding 
and sectioning were followed. The sections were stained in Delafield’s haemato- 
xylin. 

Observations Microsporangium, microsporogenesis and male gametophyte. 
In all the three investigated species there are four microsporangia in each 
anther (Figs. 1A, 3A). The male archesporium in the longitudinal section 
shows a single row of hypodermal cells (Fig. 5A). They divide periclinally to 
form a primary parietal layer towards outside and a primary sporogenous layer 
towards inside (Figs. IB, 5B). The anther wall development corresponds to the 
Dicotyledonous type of Davis (1966) (Figs. 1C-E, 3E, 5C). The endothecium 
develops fibrous thickenings (Figs. 1G, 3F). The middle layer gets crushed 
and degenerated. The tapetal cells become binucleate (Figs. 1H, 5E). Later 
on nuclear divisions and fusions occur resulting in polyploid nuclei (Figs. II, 3G, 
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5H). In Chrysanthemum indicum at one-nucleate pollen grain stage the walls 
of the tapetal cells break down and the cytoplasm coalasce forming periplas- 
modium (Fig. IF). It is used up by the developing pollen grains and no trace 
of it is left at maturity. 

In Artemisia nitida the tapetal cells degenerate without forming a periplas- 
modium (Fig. 3D). Consequently, the pollen grains remain one-nucleate and 
become sterile. The tapetum formation in Santolina chamaecyparissus has not 
been studied. 

The sporogenous cells in Chrysanthemum indicum and Artemisia nitida 
undergo divisions forming two rows of pollen mother cells (Figs. 1A, E, 3E), 
while in Santolina chamaecyparissus the sporogenous cells undergo only trans¬ 
verse divisions resulting in a single row of pollen mother cells (Fig. 5C). Pollen 
mother cells undergo meiotic divisions (Figs. 3J, K, 5G, H) resulting in micro¬ 
spore tetrads. Cytokinesis is of the simultaneous type (Figs. 1J, K, 51, J). 
Microspore tetrads are either tetrahedral or decussate (Figs. 1L, 3L, M, 5K). 

The microspores after their seperation from the tetrad enlarge and acquire 
a thick exine (Figs. 1M, N, 3N, 5M, N). Further development has been studied 
only in Chrysanthemum indicum and Artemisia nitida. 

In Chrysanthemum indicum the nucleus of the pollen grain divides to pro¬ 
duce a generative cell and a vegetative cell. The generative cell moves into 
the vegetative cell (Fig. 10). The pollen grains are 3-celled at shedding stage 
with three germ pores (Fig. IP). 

In Artemisia nitida the pollen grains remain one-nucleate even at the time 
of the dehiscence of anther. The cytoplasm in the pollen grains disintegrates 
and the pollen grains are sterile (Fig. 3D). 

The exine in Chrysanthemum indicum (Fig. IP) and Santolina chamae¬ 
cyparissus (Fig. 5N) is echinate while in Artemisia nitida it is smooth (Fig. 
3N, 0). 

Pollen grains which show signs of degeneration are also seen occasionally 
in Chrysanthemum indicum. Such pollen grains remain one-nucleate and devoid 
of any cytoplasmic contents (Fig. IQ, R). In Santolina chamaecyparissus also 
microspores are found degenerating at microspore tetrad stage (Fig. 5L). 

Ovary and ovule. The ovary is inferior, bicarpellary, syncarpous and uni¬ 
locular with a single basal ovule. The ovule arises as a papillate growth from 
the base of the ovary but during subsequent development it curves and attains 
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anatropous condition during megasporogeneis (Figs. 2A-D, 3P, Q, 50). The 
ovule is unitegmic and tenuinucellate. The cells of the inner epidermis of the 
integument during megaspore tetrad formation elongate radially, acquire dense 
cytoplasm and function as integumentary tapetum otherwise known as endo- 
thecium (Figs. 2G, 4B), It remains uniseriate with uninucleate cells throughout 

























Fig. 4. Artemisia nitida. A: Megaspore mother cell. B: Megaspore tetrad. C. Megaspore 
tetrad with degenerating megaspores. D, E, F: One, two- and four-nucleate embryo sacs 
respectively. G, H: Young and mature embryo sacs respectively. 





October 1989 


Journ. Jap. Bot. Vol. 64 No. 10 


317 


Artemisia nitida. The archesporial cell directly functions as megaspore mother 
cell (Figs. 2B, F, 4A) and enlarges considerably. A linear tetrad of mega¬ 
spores is formed consequent upon the meiosis (Figs. 2G,4B). The three micro- 
pylar megaspores degenerate while the chalazal megaspore enlarges and be¬ 
comes functional (Fig. 4C). Its nucleus divides mitotically thrice to give rise 
to an 8-nucleate, 6-celled embryo sac of the Polygonum type (Figs. 2H-K, 4D- 
G). The synergids are hooked (Fig. 4H). The antipodal cells are two in 
number. In Chrysanthemum indicum the upper antipodal cell is binucleate (Fig. 
2K) whereas in Artemisia nitida the lower cell contains two nuclei (Fig. 4G). 
The antipodals may become polyploid in Artemisia nitida due to nuclear divi- 



Fig. 5. Santolina chamaecyparissus. A: Longitudinal section of part of anther lobe showing 
archesporium. B: Longitudinal section of part of anther lobe showing one parietal layer and 
sporogeneus layer. C: Longitudinal section of part of anther lobe showing wall layers and 
pollen mother cells. D-F: Tapetal cells. G-J: Pollen mother cells in meiosis. K: Micro¬ 
spore tetrad. L: Pollen tetrad with two degenerating microspores. M, N: Ore-nucleate pollen 
grains. O: Ovule showing multicelled archesporium. P, Q: Multicellular female archesporium. 
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sion and fusion (Fig. 4H). The two polar nuclei fuse resulting in the secondary- 
nucleus which lies near the egg apparatus. 

Fertilization, endosperm and embryo. As already mentioned, in Artemisia 
nitida the pollen grains are sterile and there is no fertilization and embryo and 
endosperm development. Propagation in this plant is vegetative only. In Chry¬ 
santhemum indicum also fertilization is absent. Consequently embryo and endo¬ 
sperm development is absent. Here also propagation is vegetative only. 

Discussion In the development of anther wall, simultaneous cytokinesis, 
periplasmodial tapetum, 3-celled pollen grains and spinous exine the hitherto 
investigated members of the tribe Anthemideae—e. g., Cotula australis (Davis 
1962), Achillea squarrosa (Pullaiah 1983) and Chrysanthemum indicum (present 
study)—show greater uniformity. 

In Artemisia nitida (present study) the pollen grains are sterile due to the 
absence of periplasmodium formation. 

Pollen degeneration is a frequent feature in Chrysanthemum indicum which 
was not reported hitherto in this tribe. Degeneration of microspores of a tetrad 
is also observed in Santolina chamaecyparissus. 

A perusal of the available literature (see Pullaiah 1984) reveals that the 
occurrence of both uni- and multi-celled female archesporium is a common fea¬ 
ture in this tribe. All the species of Chrysanthemum investigated so far showed 
multicelled archesporium except C. viscidohirtum, C. arcticum, C. caucasicum, 
C. flosculosum, C. millefolium, C. camphoratum, C. vulgare (Harling 1951), 
C. viscosum (Battaglia 1951), C. ochroleucum (Borgen 1972), and C. indicum 
(present study). The female archesporium in Santolina chamaecyparissus (pre¬ 
sent study) is multicelled as in some other members of the tribe. 

The tribe Anthemideae is of great interest to the embryologists because of 
the occurrence of as many as three different types of embryo sac development 
viz., Polygonum, Allium, and Drusa type (Harling 1950, 1951, 1960, Borgen 
1972). Besides these some unclassified types occur in plants like Balsamita 
vulgaris (Fagerlind 1930) and Chrysanthemum cinerariaefolium (Martinoli 1939). 
Harling (1951) reported three types of embryo sac development in different 
species of the genus Chrysanthemum. C. indicum (present study) shows 
Polygonum type of embryo sac development which is in conformity with Tateishi 
(1929). Artemisia nitida also shows Polygonum type of embryo sac development 
(present study) as in other species of the genus Artemisia (Weinedel-Liebau 
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1928). Chiarugi (1926a), however, observed in Artemisia nitida a multicelled 
female archesporium and unreduced embryo sacs as well as aposporic ones. 

Vernin (1952) reported nuclear endosperm and Asterad type of embryo- 
geny in Chrysanthemum indicum. But in our investigation fertilization and 
seed set was not observed. Throughout India this plant is propagated only 
vegetatively. Hence it is concluded that the plant investigated by Vernin 
(1952) may be another cytotype or a fertile variety. Artemisia nitida also does 
not show fertilization which is in conformity with the observation of Chiarugi 
(1926a, b) who also reported the absence of fertillization. 
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